INTRODUCTION
============

The ilioinguinal nerve arises from the undivided L1 anterior primary ramus, and bears the typical characteristic features of the thoracic nerve, which distributes segmentally \[[@B1]\]. Increased risk to the ilioinguinal nerve injury is well-recognized in inguinal herniorrhaphy, open appendectomy, and major gynecologic surgeries \[[@B2]\]. In severe injury cases, it produces burning or radiating pain on the inguinal region and genitalia corresponding to the sensory distribution of the nerve. Up until now, the diagnosis of ilioinguinal nerve injury has been largely dependent upon clinical assessments: (1) previous surgical history, (2) pain and impaired sensory perception in the involved nerve distribution, and (3) pain relief after local infiltration of anesthetic in the area of the nerve.

To our knowledge, the standardized electrodiagnostic method of ilioinguinal nerve injury has not been established, and only a few case reports or pilot studies with small sample sizes have been published \[[@B2][@B3][@B4]\].

In this case, the authors present a series of diagnostic processes of a patient suspected with ilioinguinal nerve injury. Based upon the clinical presentations---history of inguinal herniorrhaphy and typical sensory abnormalities in the cutaneous distribution of the nerve---we performed ultrasonography (US) guided electromyography (EMG), US evaluation, and subsequent US-guided nerve block.

CASE REPORT
===========

A-19-year-old man presented right groin pain after herniorrhaphy. His chief complaint was a stabbing pain which got worse by position change, such as hip joint extension, rotation or walking. He underwent herniorrhaphy on both sides sequentially due to bilateral inguinal hernias ([Fig. 1](#F1){ref-type="fig"}). On both sides, the Lichtenstein technique was applied for surgical treatment. The first herniorrhaphy, on the left side, was completed successfully 1 year ago, without complications. However, 6 months later, and shortly after the herniorrhaphy on the right side was performed, complications arose. The patient presented burning pains in the right groin and scrotum. Upon physical examination, he demonstrated severe hypesthesia from the medial thigh to the femoral triangle, and in the abdominal wall overlying the symphysis of the pubic and right root of penis, as well as the upper part of the scrotum. No significant motor weakness in the trunk or low extremities was observed. For the electrodiagnosis, motor conduction study and needle EMG (Sierra wave; Cadwell, Kennewick, WA, USA) on the bilateral ilioinguinal nerve was performed with routine tibial, peroneal and sural conduction studies. Needle EMG on the right lower extremity and paraspinal muscles was also performed. Needle stimulation of the ilioinguinal nerve was conducted 3 cm medial and 3 cm inferior to the anterior superior iliac spine (ASIS) with a 50-mm, 26-gauge disposable pre-wired monopolar needle (Technomed Europe, Maastricht, the Netherlands). Compound muscle action potential (CMAP) was recorded as a surface recording at motor point over the lower abdomen (1 cm lateral to the midline and 1--2 cm above the pubic symphysis over the lower abdomen; most caudal segment of internal oblique abdominal muscle) by using a disposable silver chloride disk, 2 cm in diameter (Natus Neurology, Middleton, WI, USA).

In order to localize the ilioinguinal nerve, we located the linear US probe (L5-13IS; Samsung, Seoul, Korea) perpendicular to the inguinal ligament just medial to ASIS ([Fig. 2B](#F2){ref-type="fig"}), and the needle tip was advanced gently towards the inferior and lateral direction under US-guidance (UGEO G60; Samsung), until it penetrated abdominal oblique muscles and nearly reached the ilioinguinal nerve ([Fig. 2A](#F2){ref-type="fig"}). After placement of the needle tip, the patient\'s tingling sensations in the groin and scrotal area were monitored while applying an electrical stimulation of 10 mA, stimulus duration of 200 ms, at 1 Hz.

A motor conduction study on the right ilioinguinal nerve revealed no response ([Fig. 3B](#F3){ref-type="fig"}), while CMAP was obtained from the left side with a latency of 4.8 ms, amplitude of 0.9 mV ([Fig. 3A](#F3){ref-type="fig"}). During EMG using a 50-mm, 26-gauge disposable pre-wired monopolar needle, abnormal spontaneous activities were observed at the most caudal segment of the internal abdominal oblique muscle ([Fig. 4](#F4){ref-type="fig"}). On US evaluation, diffuse fibrotic change was observed in the caudal segment of the right internal abdominal oblique and transversus abdominis muscle ([Fig. 5B](#F5){ref-type="fig"}), while the left lower abdominal wall showed no change ([Fig. 5A](#F5){ref-type="fig"}). The clinical symptoms and EMG study of the lower abdominal US suggested the diagnosis of right ilioinguinal nerve injury. Under strong suspicion of the diagnosis, ilioinguinal nerve block was performed.

An injectable monopolar needle electrode with a 50-mm, 26-gauge needle (Chalgren, London, UK) was inserted 3 cm inferior and 3 cm medial to the ASIS under US-guidance, with low voltage electrical stimulation to localize the ilioinguinal nerve. After precise targeting, 4 mL of 2% lidocaine and 40 mg of triamcinolone acetonide was injected. Soon after the injection, the groin and scrotum pain disappeared and symptom relief maintained for at least 60 days.

DISCUSSION
==========

In order to increase the diagnostic accuracy of ilioinguinal nerve injury, motor conduction studies as well as needle EMG and US evaluations were performed. Although the electrodiagnosis of ilioinguinal nerve injury had been reported in previous studies \[[@B3][@B4]\], the possibility of mis-stimulating an iliohypogastric nerve or co-stimulating adjacent iliohypogastric nerves cannot be ruled out with the blind positioning of the EMG needle using anatomic landmarks. To avoid this pitfall, we used direct visualization of the monopolar EMG needle tip under real-time US guidance. A linear US probe was placed perpendicular to the inguinal ligament, and we monitored the accessibility of the needle tip near the ilioinguinal nerve located inferior to the iliohypogastric nerve.

Internal abdominal oblique muscles are supplied by segmental innervations of the lower intercostals, as well as the iliohypogastric and ilioinguinal nerves. Although studies of the anatomic landmarks dividing each segment are still inconclusive, the ilioinguinal nerve is known to innervate the most caudal segment of the internal abdominal oblique muscle inferior to the segment innervated by the iliohypogastric nerve \[[@B5][@B6]\]. Therefore, the recording of ilioinguinal CMAP was conducted by pubic symphysis \[[@B4]\].

Ellis et al. \[[@B3]\] had reported the mean ilioinguinal CMAP amplitude as 1.2 mV (range, 0.3--5.0 mV) in a pilot study with 10 healthy candidates, and mentioned the positive side to side correlation of CMAP, rendering the unaffected side as a reliable amplitude standard. No articles have systematically reported the normal reference range of inguinal nerve CMAP since Ellis. In our case, the left ilioinguinal CMAP amplitude was recorded as 1.2 mV while no response was elicited from the right side. Also, abnormal spontaneous activities were observed in the needle EMG of the right internal abdominal oblique muscles. Based on the patient\'s clinical symptoms and corresponding electrodiagnostic findings, we could make the diagnosis of ilioinguinal nerve injury, and the complete relief of symptoms after the subsequent nerve block confirmed the diagnosis.

We experienced a case of unilateral ilioinguinal nerve injury following herniorrhaphy, and report the series of diagnostic processes as well as the clinical outcomes after US-guided nerve block. Further research with a larger group of patients should follow to establish this diagnostic technique as well as to set up the normal reference range of ilioinguinal nerve CMAP.
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![Herniorrhaphy site of the patient (white arrow).](arm-41-705-g001){#F1}

![Ilioinguinal motor conduction study. (A) Ultrasound image of the ilioinguinal nerve and monopolar needle between the internal abdominal oblique muscle and transverses abdominis muscle (red arrow, tip of monopolar needle; yellow arrow, ilioinguinal nerve; EO, external abdominal oblique muscle; IO, internal abdominal oblique muscle; TA, transversus abdominis muscle). (B) Demonstration of conduction study (A, needle electrode; B, probe; C, recording electrode; D, reference electrode; E, ground electrode).](arm-41-705-g002){#F2}

![Motor conduction study of ilioinguinal nerve. (A) Compound muscle action potential (CMAP) of left internal abdominal oblique muscle (latency, 4.8 ms; amplitude, 0.9 mV). (B) CMAP of right internal abdominal oblique muscle (no response).](arm-41-705-g003){#F3}

![Abnormal spontaneous activities in needle electromyography at the most caudal segment of the right internal abdominal oblique muscle.](arm-41-705-g004){#F4}

![Ultrasonography of lower abdominal muscle. (A) Left side (normal), (B) right side (red arrow, diffuse fibrotic change of muscles). IO, internal abdominal oblique muscle; TA, transversus abdominis muscle.](arm-41-705-g005){#F5}
